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THE SUPERCRITICAL PROFILE OF THE SUPERCRITICAL WING 


Dr. Otto Wagner* ** /105 

Over the last few years, the supercritical wing has been dis- 
cussed more and more. This is a p:^ofile shape of a wing, which has 
proven Itself at high speeds below the speed of sound. Therefore, 
we can predict that it will have an interesting future in future 
aircraft . 

In the last few months, the term "supercritical wing" has often 
been mentioned in specialist literature in connection with the new 
features to be Introduced on aircraft. Prom the many examples, we 
will only mention the fact that for I 981 test flights of the German- 
French subsonic aircraft Alpha Jet have been announced and that it has 
a new supercritical wing. The firm McDonneU Douglas is carrying out 
a test of the supercritical wing within the energy efficient transport 
(EET) program supported by NASA. 


The reason why the supercritical wing is so interesting will 
now be .discussed, that is, the properties or advantages which it has 
compared with conventional wings. 

INTRODUCTION 

The supercritical wing is especially well suited for the trans- 
sonic flight range (the flight speed, therefore, is close to the speed 
of sound). This is because, compared with previously used wings, it 
has more favorable aerodynamics (especially regarding the aerodynamic 
drag). This is achieved by a modified profile shape which then 
brings about a more favorable flow around the wing. 
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For better understanding, we will discuss the most Important 
points o'f the flow around a profile. 



Figure 1: 1: profile length; t: largest profile thick- 
ness; a; incident angle of attack; V: incident speed (equals 

flight speed); profile chord; connects the leading edge 
and the trailing edge 

FLOW AROUND A WING PROFILE . 

If a wing Is cut open perpendicular to Its leading edge, for 
example, one obtains an intersection surface which is called wing 
profile or profile for short. 

In Figure 1 we show a profile in a flow having a speed V 
which is coming in at the angle of attack a. Due to the flow which 
results, speeds occur along the top side of the profile which are 
greater than V. The pressure there is then smaller than the press- 
ure of the undisturbed flow (far away from the aircraft). On the • 
bottom side of the profile, one attempts to make the speeds smaller 
than V (at least, they have to be smaller in general than those 
along the profile topside). This makes the pressure on the average 
along the profile bottom side larger (for positive angles of attack) 
than on the profile topside. This is the reason- fbr the aerodynamic 
force which Is decomposed Into the component s . lift and drag. The 
velocity increase along the topside usually increases as the pro- 
file thickness Increases and as the angle of attack increases. 

Depending on the magnitude of the incident flow speed V, one 
distinguishes three types of flow fields around the wing profile; 
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(Since the flow phenomena depend on Mach number, we will now trans- 
fer from the Incident flow speed V to the Mach number Ma which Is 
found by dividing V by the corresponding speed of sound). 

a) The Incident Mach number is so small that in the profile 
flow Ma > 1 does not occur anywhere. We then have pure subsonic 
flow. 


b) The incident Mach number is so large that in the profile 
flow, we have Ma < 1 nowhere. Then we are talking about pure super- 
sonic flow. 

c) When in a purely subsonic flow the Incident Mach number 
is increased continuously, we then obtain a case where on the pro- 
file topside the speed Increases so much (assuming positive angles 
of attack) that locally the speed of sound is reached (that is, 

Ma = 1) (usually close to t in Figure 1). The corresponding inci- 
dent Mach number is called the critical lower Mach number. It 
forms the boundary to the downside for the transsonic Mach number 
flight range. For unswept wings with thick subsonic profiles, the 
lowerlower critical Mach number is at 'v 0.6. When the incident 
Mach number is Increased above. the critical Mach number, then a 
supersonic region similar to Figure 2 is created along the topside (this 
is true for conventional profiles). A composite flow field is then 
created out of the pure subsonic flow. In this flow, a particle 

of the fluid is first accelerated along the indicated streamline 
until it reaches Ma = 1 at the sonic line. Then it enters the 
supersonic region, and it then emerges with a compression shock 
again and enters the subsonic region for conventiohal profiles. 

There it is delayed again. 

If the Incident Mach number is increased further, one obtains 
the upper critical Mach number (second boundary of the transsonic 
flight range) where Ma < 1 occurs nowhere over the profile, assum- 
ing a sharp leading edge of a supersonic profile. In the case of 
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Figure 2. 2 



Figure 3. Pressure distribution of different profiles 

blunt leading edges of subsonic profiles, there Is then only a local 
subsonic region around the profile node . 

The pure flow fields a) and b) are accessible, to theoretical 
analysis. The composite field c) of the transsonic flight range 
requires a very difficult analytical treatment; 

FLIGHT NEAR THE TRANSSONIC FLIGHT REGION 

Earlier experLmental tests of conventional subsonic profiles 
showed that the compression shocks resulted In a strong drag increase. 
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shock- Induced flow separations from the profile and elastic 
oscillations of the aircraft (so-called buffeting). For this 
reason, for commercial aircraft using the conventional subsonic pro- 
files at the time, whose cruise speed was In the high subsonic 
range. It did not make sense to have a flight condition with the 
typical transsonic effects. However, In order to achieve the 
highest possible subsonic cruise speed, these aircraft were 
equipped with swept wings. In this- case, there Is only a small 
velocity component perpendicular to the leading edge which speci- 
fies the aerodynamic forces and effects. In addition, these pro- 
files were modified so that the pressure distribution along their 
topside between the profile nose and the largest possible backward 
position was filled up (see Figure 3). In this way, the under- 
pressure and, therefore, the lift was Increased. As a consequence 
of this, for these rooftop profiles, the angle of Attack at the 
design point was reduced and, therefore, the lower critical Mach 
number could be Increased even more. Low critical Mach numbers on 
the order of O .85 were achieved with these swept wings. 

The under-pressure variation of the rooftop profiles Is 
achieved by a very flat contour of the profile topside. Another /IO 8 
possibility, however, which Is only used conditionally, of increase - 
Ing the critical Mach number and, therefore, the speed In the sub- 
transsonic range. Is to reduce the profile thickness. However, 
this Is associated with the following disadvantages; 1) as a rule, 
a higher structural weight; 2) a reduced wing fuel tank capacity 
and 3) a reduction in the desired laminar boundary layer do’.-nistream 
of the profile nose. 

With these measures, the lower critical Mach number and the 
cruise flight Mach number slightly below it were Increased. Because 
of the profiles used at the time and the unfavorable transsonic 
effects, the transsonic flight range nevertheless remained unusable 
for most aircraft. 
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Figure 4. Ordinate: under-pressure along profile topside; 

abscissa; profile length; — . — . — = critical under- 
pressure, at which Ma = 1 occurs (^for large under-pressures 
Ma > 1) 
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Figure 5. Classical and supercritical profile, 

THE SUPERCRITICAL PROFILE 

At the end of the 50’s, H. H. Pearcey carried out wind tunnel 
tests at the National Physics Laboratory in England. He found 
that in bis test flights the braking on the profile topside in 
transsonic flows occurred for the most part without a compression 
shock. This was in a strong contradiction to the classical thermo- 
dynamics, according to which the transition from supersonic flow 
to subsonic flow was always related with a compression shock 
which meant drag (which was also confirmed with using conventional 
profiles). 

In addition, be found that for profiles with a very pronounced 
peak in the subsonic pressure variation in the region of the- profile 
nose (suction peak A) so-called Peaky profiles, it was possible to 
achieve a lower critical Mach number which was about 0.02 larger 
than for rooftop profiles (under-pressure variatio.n of the topside 
of a Peaky profile is shown in Figure 3). This under-pressure 
variation is achieved with a nose radius which ‘is increased com- 
pared with the rooftop profiles. 

Figure 4 shows the under-pressure variations along the profile 
topsides for a classical profile and a Peaky profile. As can be 
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seen. In the classical profile there Is a strong compression shock 
when the flow is changed from supersonic flow to subsonic flow. 

In the case of the Peaky profile, th‘e local supersonic flow is 
delayed for the most part without losses and is finally brought 
down to subsonic speeds with a weak compression shock. 

Since the main barrier for a ^transsonic cruise speed, the 
compression shock at the profile topside with all of its negative 
accompanying phenomena, was found not to be a necessary evil, design 
methods were developed which allowed one to design profiles in which 
the transfer from local supersonic flow to subsonic flow occurs 
without a compression shock. Profiles having this property are 
called supercritical profiles. 

At the present time it is possible to expand the experimental 
information using theoretical methods. It is possible for a spec- 
ified transsonic designed flight state to determine the correspond- 
ing supercritical profile (the existence of a transsonic flow with- 
out shocks has also been demonstrated). 

THE SUPERCRITICAL WING 

The knowledge obtained for the supercritical profile (two- 
dimensional case) has been used for the design of a supercritical 
wing (on the wing, there is also a transfer from the supersonic 
range to the subsonic range without a compression shock in the trans 
sonic flight range). This knowledge was expanded to the third dlmen 
slon. Over the last few years, this problem has been worked on 
experimentally and theoretically. In the middle. of the 70’ s, 

R. T. Whitcomb was given the Wright Brothers Memorial Trophy for 
his wind tunnel tests of the supercritical wing at the Langley 
Research Center at NASA. 

COMPARISON OF PROFILES 
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In conclusion, we will compare the profile shapes of a class- 
ical wing section and a supercritical wing section Csee Figure 5). 

The important differences Include the following; 

1) the topside of the supercritical profile is flatter, 
especially the front part j 

2) the nose radius of the supercritical profile Is larger, 
which is a consequence of the under-pressure peak in the region of 
the profile nose; 

3) the supercritical profile can be thicker. This means one 
can achieve a reduction of the structural weight and an Increase in 
the wing tank capacity; 

^4) for the underside contour of the supercritical profile 
shown in Figure 5, the rear part is curved more strongly in a 
concave manner. In this way, the pressure in this region Increases 
(so-called rear loading) which leads to an increase in the lift for 
the same speed and the same angle of attack. 

SUriMARY 

The supercritical profile and the supercritical wing allows 
one to use incident speeds in a transsonic flight range above the 
lower critical Mach number, without having compression shocks for 
the transfer from the supersonic speed to the subsonic speed. In' 
this way, the usual drag increase which occurs in this flight range 
(increased fuel consumption) and buffeting are for the most part 
avoided. At the same time, the cruise speed is increased compared 
with flight close to the lower transsonic flight range. 
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